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Line producmg artificial fev-
' ers has been récognized in'.

| fever effects made possible. -

Eﬁect of H1gh Frequency Flelds on
M1cro Orgamsms Lo

HUGH FLEMING

HE MEDICAL USE
of hlgh frequency fields -

Europe for 30 years. Medi-
~"cal men in the United States
have. uised . short-wave “dia-~ "
thermy extenslvely for the. .
“Jast tén 'years. - The basnc '
pattern of use involves the
 exposure to a hlgh -frequency
~field of an a:lmg portion of
the body until the local temperature has been increased

cons1derably Heat is generated by the, passage of eddy

currents, hysteresxs Josses, . and dielectric losses. The
temporary rise in temperature is advantageous prlmanly. )

* because of the increased activity of disease-fighting com-

" ‘ponents of the ‘blood stream. Undoubtedly- secondary .-ff
* that they have been destroyed ‘However, merely turn< f
’ _ing on enough power to obtam a'lethal effect is not’

economlcally sound and it is reasonable that there
“should be a search.for optimum germicidal _condmons.

" effects exist, such as the outright killing of bacterial bodies
" unable to survive the rapid change of temperature and(
. “the rapid reversals of potentral :

_Two' genieral ymethods of envelopmg the body m thej'
\lngh -frequency field are used.. The most common-of "~
these is' placing the structure to be tredted in the dielec- -
tric field existing’ between two. small applicator plates. -
. The second method is- to cause ar' inductive circuit to -
SR conform to the necessary dxmensmns so that it completely

envelops-a body part. Here the magnetxc field would
play a large part, and hysteresis losses would seem to be
large. The Fisher Scientific Company has made ex-

tensive tests on the relative heating efficiency of the two:
“methods and has found the mductwe method greatly._‘ .
" ’superior. ’ v
Griginally the value of high- frequency treatment of .-

" humans was credxted,only to the uniform and localized

without appreciable rise in temperature. Haase and -
" Schliephake reperted that no comparison could be made
between the temperature of water passing high-frequency

+. currents of lethal value and the temperature of hot water, - .
required to produce the same immobilizing action. This °

miakes evident the existence of additional effects of
.germicidal value. .

High-frequency currents between, the limits of 9, 000
and 100,000 kilocycles .are of recognized medlcal value..
Generation is accomplished by means of vacuum,—t\ube
oscillators much in the same manner as for radio broad-
cast purposes.

[
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'Because of the many vague and conﬂlctmg_ T
.. reports on the effect of short waves on micro~' -
""orgamsms, the ‘laboratory analysis reported -
_in this article was undertaken'
has éndeavored to correlate the celectrical . ~
" data with medlcal and bacteriological data. -
" Because_of time and - equlpment limitations, "~
the study ‘shows ‘trends in “electrobiological
‘treatment at hlgh freqnenues tather than"h""
' concluswe evxdence. ’ o

.20 meters.

More recently, a study of the .
_-effects of short waves upon bacteria and-other micro-
organisms has shown that lethal effects are evidenced

(See circuits in Figures 1 and 2.)' In.
the literature, there are: limited reports of attempts to

—

.’-',‘:"0f high-frequency currents.
the author. * . Most, of thé work" has been,

. termed engincering data. -

that all forms of microscopic -

mination that can be made is a test: of their power of
reproductlon
-sidered- dead. .
teria - broken: into component parts it can be assumed

~Nearly all- cell life can be speeded up in its rate of

' growth under the stimulus ‘of high frequency. This

action,’ takes place at a progressively faster rate as the
power is. increased, ‘until a pomti%l(:verstlmulanon is
reached ‘and lethal effects occur. THhis point of over-

;- stimulation differs widely depending upon the age,

virulence, and extent of colonization of the organism

,under study. A curve. illustrating the rate of ‘growth. as

'a function of the power applied is given in Figure 3.
Haase and Schliephake were able to immobilize both

. streptococci and staphylococci with ‘waves from 3 to
Hicks was unable to destroy these same

bacteria with 4.5 meter waves. It is interesting o note

that he reported his cultures contained salt, which in-

creased the conductivity of the water. Liebesny, using

- 20- to 30-meter waves, stated at the same time that
. bacteria were killed in ‘reciprocal proportion to the

increase of electrolyte introduced. From his experi-
ments he claimed that the effect on a certain electrolyte
is optimum (using a rise in temperature as the standard),
when the dielectric properties have a definite mathe-

_matical relationship to frequency. He wrote an equa-

Essential substance of a paper, “A.Study ‘of the Effect of High-Frequency Fields

on Micro-Organisms,” which was awarded the AIEE national prize for Branch paper

+ for the academic year ending June 30, 1942, The paper wai presented at a. joint

. meeting of the Portland (Oreg.) Section and the Oregon Stme College Branch
Corvallis, May 16, 1942,

Hugh Fleming was an enmlled student at Oregon Stale College, Corvallu, when the |

paper was presented. He is now a student engineer, General Electric Company, -
- Schenectady, N. Y.

The author acknowledges the assistance of the Oregon Stnte College deparunenr of
bactenology .
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‘immobilize micro-organisms :_
inwater media by the passage .

* done by European doctors 'A
- -..of medicine, with little pres- - BT
entation . of ‘what' ~would’ be ¥

Faxlmg to reproduce, bacterla are.con- "
If mlcroscopxc exainination’.shows bae-"
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‘It can be stated deﬁmtely,

pLa:

- life can be immobilized .with .-}
v : short waves -if treatment is

severe enough Bacterla, in particular, are said to be.
immobilized rather than killed because the only deter-
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« tion for this: K= f/(cx), where f represents frequency, .

¢, the dielectric constant, and x, the reactance.
Schmidt and Hoensdorf found that streptococci and
Escherichia coli were materially retarded in their growth

in a moderate high-freqdcncy field if localized. . They -

reported good results at 4.6 meters in the presence of
physiological salt or boric-acid solutions. Fabian and
Graham tested bacillus coli and: found that 30 meters

_ with a current of 0.8 ampere produced death. They

cautioned against concluding, immediately on the im-
mobilizing of bacteria, that they had been successfully
killed as . . . “a seemingly lethal effect may be followed

"in a few days by a rapid and intensive growth.” Tibor

de. Cholnoky indicates a correlation of media and lephal
dosage. He states that water-borne bacteria are more

1
(-
i
'

| o ‘ Figure 1.

.oscillator for 90-

5

MVt

difficult to immobilize than those in some-other media

* such as'air. '~ . . = . _ . .

Two. thecries. have been proposed . explaining  the
" imechanics of rendering a culture of micro-organisms. -
nonviable. The first of these is that the instantaneous
temperature: of the bacteria, or other life, can be raised

to a very high value without necessarily affecting ‘the
surrounding :media to a great extent. The assumptions

_are that the hysteresis, eddy current and I?R losses are.

very great in the matter making up the cell. If this
theory were true exclusively, it would appear that the
cffectiveness should be proportional to the frequency.
As was pointed out already, there is a definite frequency

band of optimum value above which the immobilizing -

effects diminish. -

The second theory explaining the lethal action of short .
waves involves the possibilities of mechanical stresses. -

Nearly all bacteria have a negative charge. It is be-

licved that a condition of mechanical resonance. is R

reached at certain frequencies that so distorts the organic . - :
.~ used. (See Figures 1 and 2.) Utilized power output’™ .

matter of the micro-organism that it is rendered non-
viable.. This would imply that the high-frequency field

acts powerfully enough upon a bacterium, for instance, -

to cause it to travel a minute distance first in one direc-

tion and then in the reverse direction as the field"is |
changed. These oscillations of the tiny. bits of matter '
might well become so rapid as to exceed the elastic -

limits of the structure of the organism. Since different
types of bacteria have entirely different physical dimen-
sions as well as properties, it follows that the frequency

of best destructive: power would vary for each different .
type of c;ll treated. . This is true although the optimum -

i
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masses has been reported. -
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‘frequency for ‘a given type of. single cell life is ;idt as....
critical as might be supposed. Some microscopic. evi-
dence of actual bacterial destruction duc to distorted.

’

The variables studied in the laboratery were: - fre-

. ' Hi 54 1 ,.; :
\ l )
10-25- B # "“_ﬁ 1- !

b
meter waves )
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Figure 2. Sche-
matic diagram of a
vacuum-tube oscil- .
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" quency, voltage, current, time, and conductivity of the

media containing the micro-organisms. All were.studied-
. as a function of the immobilizing power of the high-
_ | VARIABLE-FREQUENCY TESTS
,In the variable-frequency tests, numerical »conccntx‘»a-' '
‘ tions of bacteria were maintained as constant as was

_ ,‘ possible.  An attempt was made to keep power outputs
- constant for all tests by means of flashlight lamps in .
. parallel with a nonresonant line and the loading network."

Measurement of light intensity of the lamps was made
with a light meter. It is evident that such an arrange-
ment would not measure exactly the output, but would .
" give sufficiently relative values to enable significant data
- to be taken rcgzirdixig the remainder of the variables.
'In all cases, standard six-inch fermentation tubes filled
with a total of ten cubic centimeters of media and cul-
ture were used. Two oscillators were used. For the
- range,10-25 meters a tuned-plate tuned-grid Gammatron -

k 54 supplied the power, and below the range of five

o
'Figure 3. Rate of - ‘ ) ..-v
growth of cell life
under stimulus of

RATE OF GROWTH —>

- . T -

POWER IN APPLIED FIELD -
" meters to 90 centimeters a resonant-line_oscillator -was

" on all frequencies was approximately ten watts. In no-
case was a significant. rise in temperature permitted.’
" The standard- type of bacteria tested were Escherichia '
"coli, which- are nonspore-forming vcgetativ,c'cclls found
quite commonly in polluted rivers and'streams. All:tests
were made in the electric. field existing between two -
_ condenser plates. Lo . o o
By referring to the curve in Figure 4, it can be seen'
that all frequencies tested had somewhat of a lethal
effect upon the Escherichia coli. This effect became

~
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C Sérixple:: 10 cubic centimeters; control: 450,000,000 per cubic centi-

R meter.  Maximum temperature: 85 degrees Fahrenkeit.  Exposure in
D . " dielectric field )

time interval of one.minute was used on all cultures. .

- The frequency measurements werc made by means of a.
“radio receiver below 28 megacycles and by Lecher wires -

above 28 megacycles.” Three ‘samples and a’ control

were taken for each of six frequency determinations

~ (350, 200, 60, 28, 14, and 11 megacycles). Each fer-

mentation tube was shaken before exposure to the high-

. frequency field to distribute the céntents evenly and to
* assure uniform conductivity, and was plated immediately -
after exposure. L N ' e

VARIABLE-VOLTAG_E AND CUR'RENT TESTS

.

The theory holding that hysteresis and eddy-current

- losses in the high-frequency field raise the instantaneous
temperature of a cell to a greater value than the sur-
rounding medium would seem to indicate that the’

: i ':t'"f - magnetic field plays the important part. On the other' K
LN 'H ’ . - . N .
Anl o : : :
2 Figure 5. Ar-
o rangements  for

RESONANT LINE (left)  passing a

\:(\ :
\ ' high current and
. (right) obtaining
) large . voltage
- S gradients
. FERMENTATION .
o TUBE : ‘

" hand the theory’ of mechanical resonance itnplies that’
+ -voltage gradi'qnts-.':':Ibou_t_,.th_‘_:_,ba‘(:t'éria'. are important. . .

Therefore a resonant line ‘operating on 90 centimeters

‘was dévised of such dimensions that a fermentation tube
- could be placed either at a;_vdltagc node 6r‘--a current- ...
.+ node. Considerable unbalance in -the. oscillator was
' " caused by ‘the’ former instancc-,' and rel_ative"-valubes',of

" 'power had to'be supplied by adjusting the oscillator to a -
{..,specific increase of plate-power input.” For the ‘tuning -
+ operations, sample tubes of Escherichia ¢colj had to be - .
f-° . uséd to simulate the anticipated load. ' Test conditions - "
1 .. again involved a‘standard time interval of one minute -
" and- a wave length of 90° centimeters. ‘From the fol- -
- lowing data it is evident that a’large’ voltage gradient.

2N

. . current or an intense’ magneétic field:

L Av'e)-a_ge Count

. " Per Cubic Centimetér
v i L.
" Control,.lun vt : ", . .450%000,000
High-current treatment. . 200,600,000
'Volugestreas_ed...»..._..:..' ........

R
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In two of the tests, the tubes of Escherichia coli were
completely sterilized. The fermentation tubes filled
with Escherichia coli acted very much like a portion of
the resonant circuit. In one case a high current at a
low potential drop made the tubes appear as a conduct-
ance, and in the other case a hiéh potential drop caused

. the tubes to appear as a high resistance. An error was
undoubtedly introduced by virtue of radiation from the . {
large fins required for the current treatment. (See. |
Figure 5.) However, it is believed that the tests made
 are sufficient evidence to support the generalization that .}

obtaining voltage gradients within the solution is far

more important than adjustment so as to pass a large-

radio-frequency current. ’

TIME-VARIABLE TESTS

(All experiments with the element of time as a variable: |

were made with constant-current values as indicated by
‘a light meter and flashlight lamps as in the variable

“frequency tests previously considered. The power used

‘was appioximately ten watts. Standard six-inch fer-
mentation tubes filled with ten cubic centimeters of
.Escherichia coli and media were used. During the first

. fraction of a minute almost all the bacteria are rendered
* nonviable.
is completely sterilized, the lethal -action. appears to go |
"onata progreésivcl-y‘slow‘er:ratc,._', Thus, the i‘n'stant’%mc} )
ous killing power might be written as.a reciprocal func- . |
. tion y=1/fz, where ¢ represents time.. - This-is in accord-. -
"~ with a cluster.f}ieory"of bacteria: which indicartes “that
n : smaller-groups .are. -
“considered.” "The larger colonies," while' representing a..
-~ sinall pt_:_rcén"tag.e of the total, prescnt-'g,diﬂ'erc;ht- me-

For the next few minutes, until.the solution

colonies become more numerous as.

chanical . and Aelcc_t_r'ical .Characteristic, -and reduce. the

the lack of a definite optimum frequency for treatment.

o CONDUCTIYITY—VARIABLE ‘TESTS o

, cvident : Ve ene The question of the effect of V_arié.tions in conductivity -
across the bacteria is more . important than a “high .- 1

harm. to the Escherichia coli used. .- '

on Micro-Organisms .
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Samples: 10 cubic centimeters;” control: 500,000,000 per cubic centimeter.

Maximum temperature variation per sample: 70 to 110 degrees Fahren-
heit. - Exposure in dielectric field.  Frequency: 28 megacycles

" The latter method was Sed to demonstrate the effect
of varying conductwrty upon the immobilizing power of

_the high frequency. A frequency of 28 megacycles was .
- used- with -an approx1mate power of ten watts. " The

" dielectric ﬁeld was used, -and- three concentrattons of salt |

" were: addcd (0.5,-1,0. and 1.5 mtlhgrams per. cubic -
* See Flgure 6 The time of treatment was

ceiitimeter). -
one minute. . R : _ ,’
The cﬂ'ccts were evrdent at once._

ment. ~-Again it appeared that high curreénts, although
they generated heat more rapidly, would ‘not give the
results that a high-voltage stress ‘would when conducttvxty

- . K and current were Iowered
- a variable . -

CON CLUSION S

; It should be emphasxzed again that the expertmental
work was only developed to ‘demonstrate trends in the
immobilizing effect ‘of the variables -listed. Exact
measurement of the actual energy dissipated withiin the
fermentation tubes could not be . made. Partlcularly
was this true at the ultrahigh frequencxes where the per-.
centage of radiatgd power was appreciable.

--The study undertaken showed that. germicidal results
were easy to obtain even with small amounts of power,
and suggests that. for some apphcatxons a consideration -
of sterilization by means of exposure to high-frequency .
ficlds is warranted economically. Also the possibilities-
of greatly speeding up life ‘processes such as in yeast
manufacture are evident." " The best frequency to use for
treating a given micro-organism depends upon ‘the size

" of that orgamsm However, the bactericidal range can -
~be roughly assxgned to the 1-20 meter band. = "

It is possrble that additional lethal effects ‘might - be .
¢xperienced. in the. ultrahlgh frequency, range, but con- .
trol is difficult when it comes  to treatmg large masses of
‘orgamc natter. ‘

- It s ‘evident ‘that a hlgh potentlal gradtent should be:"
A mamtamed for maximum . effectiveness. This means
that as little electrolyte as possible should bé allowed in

- the presence of the high-frequency field. -- A high voltage
neccssnates a tuned CerUIt whose . dtmensxons conform g

’

1o the: quanttty to be treated. RN

The results of the time study suggest “that 1t would be -
'much more economical to use a large amount of power
‘ small amount of’ power for a
If sufﬁcxent pOWcr is used to 1mmobnlxze the

lo_ng time.

'jANuth‘l944' R _‘ S

} A hlgher concen-
"‘tr:mon of electrolyte decreased the eﬂ"ectweness of treat-

i 14 Ultrahtgh-Frequcncy V;branons
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largest cluster of bacteria in a short interval of time, it
appears that the remainder would be easily disposed of.
Toward the close of the experimentation.a new tech-
nique in testing the effects of high frequency upon bac-
teria was devised which greatly speeded up the analysis.
The method is suggested for further study and outlined
as follows: The bacteria to be tested are plated out in
countable ‘concentrations on a number of petri dishes.
Wires can be imbedded in the agar solutions used so as
to remain fixed in the gelatinous mass. Controlled’
-amounts of energy are then applied to the petri dishes’
.and a direct count can be made of colonies the next day.
. A-variation of this. consists of .omitting the. wires and' .-

'

Flgure 8. The 90-cent1meter oscrllator wrth the concentnc

lme which coupled the radro—frequency energy to the specn- VL

’ . mens under test

The aprzght te.rt tube is bctwem two .mnmrcular alummum plate.r insulated’
by means of po{yxtymte spacers Jrom a coil form. A parallel ﬂa.rlzhght
~lamp is-at the end of the conventric line at the left. - _This was used -

; to maintain relatwe values of current n conjunction. wtlh a nghl meter as - - :

cxplamed in’ the text
substttutmg two metal plates on the top and bottom of -

~ the petri dishes, arranged to: conform to the latters’.
: dtmensrons ‘ '
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